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[ 20100724 ]    … An unintentionally apt analogy 





For Helena MT ASOS Location 

Using AZ example and ratios 
100/2 = 2.3, so est 100yr  = 2.75” 
10/2 = 1.5, so est 100yr = 1.87” 



At WRCC:   www.wrcc.dri.edu/pcpnfreq.html 



10-year  24-hour precipitation  in tenths of inches 



More detail … 10-year  24-hour  precipitation in tenths of inches 



Bagdad (Arizona!) IDF curves for 



NOAA HDSC 

World record precipitation locations. 

… A variety of circumstances 



World and United States Record Precipitation By Duration.  NOAA HDSC. 



NWS.  Tropical Storm Alberto 

Note:  Rates do not have to be expressed in 
terms of the measurement interval (here, 
minutes versus hours).  This can be 
confusing.  Differential vs integral. 



Wausau 
Wisconsin. 

Daily 
precipitation on 
days with at 
least 0.01” 

1971-2000 

Precipitation 
occurs about 
20-22 % of all 
days. 



Seasonal Precipitation.  Olympia Airport, WA. 
Mean:  12.5”.  St Dev:  8.2”  Shape Parameter:  1.97  Scale Parameter:  6.35 

NWS PCU 2 



95th Percentile (of non-zero precip days) 
         eg, this is xm (to be discussed) 

What is the behavior  
of the tails of distributions? 

Peaks over threshold method. 
Distribution of: 

Excess over threshold. 



 Note: 

Typical distributions with exponential tails: 

Binomial 
Normal 
Lognormal 
Gamma 
Gumbel 
Weibull 
Double (or Stretched or extended ) exponential 

Typical distributions with heavy tails: 

Pareto 
Cauchy 
Frechet 
Stable laws 



Pareto Distribution 

Applies to 

Frequency distribution of wealth 

Sizes of cities 

Sizes of internet files 

Sizes of Bose-Einstein condensate 
clusters 

Sizes of sand grains  

Sizes of meteorites 

Sizes of forest fires 

Sizes of insurance losses 



(k = alpha) 



Pareto, alpha = 1 

Pareto, alpha = 2 

Pareto, alpha = 3 
Pareto, alpha = infinity (exponential) 

A random variable that follows a heavy tailed distribution (such as Pareto)  
can be extremely large with non-negligible probability 

“The biggest one is yet to come.”   - Jim Goodridge CA DWR 



Pareto alpha 

San Jose CA 
Monthly Precip 
1908-2000 



Panorska, A.K., A. 
Gershunov, and T.J. 
Kozubowski (2007).   

From diversity to 
volatility:  Probability 
of daily precipitation 
and extremes.  
Nonlinear Dynamics 
in Geosciences (A. 
Tsonis and J. Elsner, 
Eds.), Springer, New 
York, pp 465-484. 

 L = ln (likelihood ratio) 

 Heavier tails  Exponential 

 alpha  0.5       1.0        1.5         2.0         5.0       Infinity 



 Redder = heavier tails 

 Percentiles are for days with measurable precipitation.  A.P. tried 50-95 percentile. 



Snowfall 

Values from  
Kunkel et al 



Snowfall 

Values from  
Kunkel et al 



Panorska, Gershunov, Redmond  



 Comments: 

Exponential tails found where most precipitation has the same cause and 
consistent processes 

Heavy tails found where there are a variety of storm types, mechanisms, and 
sources of precipitation 

“Diversity is the mother of volatility.”  - Sasha Gershunov 

Tails are heavier when all seasons are combined compared with single seasons. 

Annual heavy tail needs at least one season with heavy tails. 

No way to get heavy tails from combinations of exponential tails. 

Models do not seem to be able to produce heavy tails 
     Examined 60 years of 10x10 km CA-NV Kanamitsu model hourly data 
     Likely stems from the way model precipitation is parameterized 
     Appears to be a fundamental issue 
          Processes that produce fat tails not represented (e.g. Brownian motion ?) 

But, perhaps statistical techniques could use model output to create heavy tails 



 Potential sources of heavy precipitation: 

Frontal passages 

Cyclonic storms 

Orographic uplift 

Tropical storms 

Convergence zones 

Embedded cumulus 

Atmospheric rivers 

Blocked atmospheric patterns 

ENSO conditioning 

MJO activity 

Human effects (?) 



Madison Valley Seasonality Comparison Area. 



Adapted from Phil Farnes,             
Western Snow Conference, 1995. 







K. Redmond, 2003.  p 29-48, Water and Climate 
in the Western United States. U Colorado Press. 



A preliminary:  Applications as forecasts 

An implicit assumption that has pervaded much of applied climatology 

 Past is Prologue 

  Past statistics = Future statistics 

 The decision that uses the information is about the future 

 Therefore, past values often de facto forecasts 

  Not explicitly recognized as such 

 Past is considered reliable guide to the future 

 Climate stationarity is implicit in this assumption 

 Huge societal investments ($B, $$B, $$$B) 

      Bulletin 17 B 



National Research Council 

January 1999 





Water Year 
Oct-Sep 
Precip 

South 
Coastal 
California 

1895/96 
thru 
2006/07 



Karl and Knight, 1998.     Fraction of annual total from upper 10th percentile, US Average.  



Thomas R. Karl and Richard W. Knight, 1998.  Secular Trends of 
Precipitation Amount, Frequency, and Intensity in the United States.  
Bulletin of the American Meteorological Society ,  79 ( 2), 231–241. 

Trends in Extreme Daily Precipitation, 1910-1996, by category. 



Karl and Knight, 1998. 

Contribution to change 
in total precipitation 
from different intensity 
classes. 

1910-1996. 

-- The intensity of 
precipitation has increased 
for very heavy and extreme 
precipitation days only. 

-- The proportion of total 
annual precipitation derived 
from heavy and extreme 
precipitation events has 
increased relative to more 
moderate precipitation. 



Pavel Ya. Groisman,  Richard W. Knight,  David R. Easterling,  
Thomas R. Karl,  Gabriele C. Hegerl, and Vyacheslav N. 
Razuvaev, 2005.  Trends in Intense Precipitation in the Climate 
Record Journal of Climate, 18 (9), 1326–1350.  

Trends in heavy (5 pct), very heavy (1 pct), and extreme (0.1 pct) daily precipitation.   

1910-1999, USA. 



Trends in number of days with heavy (5 pct), very heavy (1 pct), and extreme (0.1 pct) daily 
precipitation.  1910-1999, USA. 

Pavel Ya. Groisman,  Richard W. Knight,  David R. Easterling,  
Thomas R. Karl,  Gabriele C. Hegerl, and Vyacheslav N. 
Razuvaev, 2005.  Trends in Intense Precipitation in the Climate 
Record Journal of Climate, 18 (9), 1326–1350.  



1-Day 

5-Day 

10-Day 

30-Day 

Extreme Precipitation Index 

United States 

1895-2000. 

Selected durations 

And 

Return periods (1, 5, 20 yrs) 
(Station density effects removed) 

Ken E. Kunkel, Dave R. Easterling, 
Kelly T Redmond, and Ken G. 
Hubbard, 2003.    

Temporal variations of extreme 
precipitation events in the United 
States:  1895-2000.   

Geophysical Research Letters, 
30:1717.    



Temperature ( C ) 



To produce precipitation, and heavy precipitation: 

It is not sufficient that there be abundant atmospheric moisture (humidity). 

The main issue is that there must be a mechanism to wring out moisture. 

(Examples:  Sudan, Kuwait) 

It is also not necessary that there be abundant atmospheric moisture. 

If dry, there must be advective mechanisms to replenish moisture. 

(Example:  Heavy winter snows near Lethbridge/Banff at -20 F) 

Heavy precipitation can result from  

 Abundant local moisture 

But almost always also requires (especially at time scales > a few hours) 

 Replenishment and import as local supply is consumed 



Frank J. Wentz, Lucrezia Ricciardulli, Kyle Hilburn, Carl Mears, 2007.  How much more rain 
will global warming bring?  Science, 317, 233-235. 

Another 
view 



November 6-7,  2006.  One storm, three state daily precipitation records !!! 
Never in U.S. history have two state records been set on the same day. 

Old records broken by 

23 %  -  Oregon 

06 %  -  Washington 

31 %  -  Idaho 



The World’s Warm Oceans 



Courtesy Klaus Wolter  &  Mike Timlin, 
NOAA Climate Diagnostics Center 

Typically “El Nino” 

Typically “La Nina” 

Thru June 2010 



Global Sea Surface Temperature Departure from Average, 2010 July 11-17  

NOAA Physical Science Division, ESRL 



Recent Evolution of Equatorial Pacific SST Departures 

Updated  through 2010 July 11-17 



Washington 

Arizona 

Central 
Sierra 

Redmond & 
Koch, 1991, 
updated. 

Redmond & Koch, 
1991, updated. 



Biggest floods on 
American River are 
in La Nina or No Nino 
winters. 







Courtesy of Mike Dettinger, USGS / Scripps. 

Dettinger MD. 2005. From climate change spaghetti to climate-change distributions for 21st 
Century California. San Francisco Estuary and Watershed Science. Vol. 3, Issue 1, (March 
2005), Article 4.                       http://repositories.cdlib.org/jmie/sfews/vol3/iss1/art4 

Yesterday   Today   Tomorrow 





Courtesy of Mike Dettinger, USGS / Scripps. 

Dettinger MD. 2005. From climate change spaghetti to climate-change distributions for 21st 
Century California. San Francisco Estuary and Watershed Science. Vol. 3, Issue 1, (March 
2005), Article 4.                       http://repositories.cdlib.org/jmie/sfews/vol3/iss1/art4 

2010 





            Annual                       Winter                      Summer              IPCC  
2007 

 T 
(C) 

 P 
(%) 

Agreement 

Late 
21st 



R. Seager, M.F. Ting, I.M. Held, 
Y. Kushnir, J. Lu, G. Vecchi, H.-

P. Huang, N. Harnik, A. 
Leetmaa, N.-C. Lau, C. Li, J. 
Velez, N. Naik, 2007. Model 
Projections of an Imminent 
Transition to a More Arid 

Climate in Southwestern North 
America. Science, DOI: 

10.1126/science.1139601  

Average of 19 
climate models.   

2007. 

20 years from 
2010 

 Figure by 
Gabriel Vecchi.  

www.ldeo.columbia.edu/
res/div/ocp/drought/

science.shtml 



Percent change in annual precipitation and in amount on wettest day of the year,  
when both models agree on sign.  2 x CO2.  Canadian Model 1 & Hadley Model 3. 

                          Annual amount                                         Wettest day 

Pavel Ya. Groisman,  Richard W. Knight,  David R. Easterling,  
Thomas R. Karl,  Gabriele C. Hegerl, and Vyacheslav N. 
Razuvaev, 2005.  Trends in Intense Precipitation in the Climate 
Record Journal of Climate, 18 (9), 1326–1350.  



Climate as a complete statistical description of atmospheric behavior 

From one perspective, climate draws its event from some (unknown) 
probability distribution 

We know there is such a distribution, but we cannot generate it from first 
principles, and likely not from models (for a long time) 

This distribution is constantly evolving in time, as climate evolves 

There are many confusing factors in how we understand and 
communicate these issues 

 Intensities versus totals 
 How to describe rates 
 Integrals versus differentials 
 Many issues of terminology 
  Likelihood of 500-year storm varies hour by hour or day by day 
  “Officer, I couldn’t have been going 80 miles per hour … 
       … I’ve only been on the freeway 15 minutes!” 



Redmond, K.T., Y. Enzel, P.K. House, and F. Biondi, 2002. Climate variability and flood 
frequency at decadal to millennial time scales. pp. 21-45, in Principles and Applications 
of Paleoflood Hydrology, editors: P.K. House, R.H. Webb, and V.R. Baker, American 
Geophysical Union, 385 pp. 

1414 Years 



Redmond, K.T., Y. Enzel, P.K. House, and F. Biondi, 
2002. Climate variability and flood frequency at 
decadal to millennial time scales. pp. 21-45, in 

Principles and Applications of Paleoflood 
Hydrology, editors: P.K. House, R.H. Webb, and V.R. 

Baker, American Geophysical Union, 385 pp. 



   “Stationarity is dead”      * 

 Stationarity was never really fully alive. 

 “The history of climate is a nonstationary time series.”       * 

  Corollary: 

  There are no true climatic “normals”.   

*  P.C.D. Milly, Julio Betancourt, Malin Falkenmark, Robert M. Hirsch, Zbigniew W. 
Kundzewicz, Dennis P. Lettenmaier, Ronald J. Stouffer, 2008.  Stationarity is dead:  
Whither water management?.  Science, 319 (5863), 573-574,  1 Feb 2008. 

*  Reid A. Bryson, 1997.  The Paradigm of Climatology:  An Essay.  Bulletin of the American 
Meteorological Society, 78(3), 449-455. 



Stationarity, if even alive, is not feeling well   …   “under the weather” 

The “present future” will slowly depart from its “prior future” 

Stationarity slowly but progressively becoming a less valid assumption 

How much until this departure is “significant” ? 
 (not so much in statistical terms, but in practical terms) 

Major question looming:   How do we adjust all the statistics of the past to 
reflect the expected future? 

This is a very big challenge / opportunity for Applied Climatology 

  A growth industry 

  Methodology 
  Application of that methodology 
  Acceptance of that methodology 



Concluding thoughts 

Wet hydrologic extremes on short time scales exhibit heavy tails 

We may be underestimating the size and frequency of rare events 

Climate history exhibits non-stationarity 
 This has been understood and appreciated for many years 

Floods and droughts, in some circumstances, could both increase 
 (not discussed before this point) 

Can climate become “more extreme” everywhere ? 
 What exactly does this mean ? 

Fixed-magnitude extremes seem to be increasing in frequency 

General expectation that upper percentiles will increase in magnitude 

Consistent observations very badly needed (example: accumulations) 
     Data quality issues can have major effects on interpretation 



Thank You ! 

Many Glacier, Nov 2006.  NPS. 



DISCARDS 





Annual  

Winter 
Spring 
Summer 
Autumn 

East Central 
Nevada 

Projected  

Temperature  

Changes ( C ) 

15 Models 

IPCC A1B 

Early 21st  

   2011-2040 

Middle 21st 

   2041-2070 

Late 21st 

   2071-2100 

John Abatzoglou 



Annual  

Winter 
Spring 
Summer 
Autumn 

East Central 
Nevada 

Projected  

Precipitation  

Changes ( % ) 

15 Models 

IPCC A1B 

Early 21st  

   2011-2040 

Middle 21st 

   2041-2070 

Late 21st 

   2071-2100 

John Abatzoglou 


